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Fig. 2 Innate immune tunctions of eosinophils and thcir contributions 
to host defense. Innate immune tunctions of eosinophils include 
terminal effector functions (a-d), immunomodulation (e) and tissue 
repair and remodeling (f). a Eosinophilic interactions with extracel- 
lular virons result in destruction by eosinophil-associated ribonu- 
cleases. b Cross-linking of Fcyll receptors by helminth-bound IgGl 
and IgG3 mediate eosinophil activation and degranulation of 
helminth-destructive cationic proteins. c LPS-stimulated eosinophils 
release extracelhilar traps, containing mitochondrial DNA and 



granule-derived proteins, to eradicate bacterial infìltration. Bacteria 
can also be removed by secretion of granule-derived proteins and 
phagocytosis. d CDllb integrin- mediated adherence of 3-glucan 
induces vesicular release of EDN in response to rungal infestation. e 
Eosinophils act as immunomodulators and direct T helper celi 
difterentiation through secretion of immune-polarizing cytokines and 
tunctioning as professional antigen presenting cells. f Eosinophils 
secrete numerous mediators with effeets on tissue remodeling, 
including TGF0, IL- 13 and MMPs 
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Figure 3 | Eosinophils modulate the function of other leukocytes. Eosinophils not only respond to signals, but also have 
a definitive impact on the actions of other leukocytes. Eosinophils can express MHC class II and co-stimulatory molecules, 
process antigens and stimulate T cells to proliferate and produce cytokines in an antigen-specific manner 39 . Furthermore, 
acting together with dendritic cells (DCs), eosinophils regulate the recruitment of T helper 2 (T H 2) cells in response to allergen 
sensitization and challenge by producing CC-chemokine ligand 17 (CCL17) and CCL22 (REFS 40,41 ). Eosinophils also prime 
B cells for antigen-specific IgM production 39 and sustain long-lived plasma cells in mouse bone marrow via the production 
of a proliferation-inducing ligand (APRIL) and interleukin-6 (IL-6) 4445 . Eosinophils that are stimulated by CpG DNA induce 
DC maturation 51 . Indeed, the eosinophil granule protein eosinophil-derived neurotoxin (EDN) promotes the maturation and 
activation of DCs 52 53 . Major basic protein (MBP) released from eosinophils activates neutrophils, causing them to release 
superoxide and IL-8 and increase their expression of the cell-surface integrin complement receptor 3 (CR3) 146 . Eosinophils 
also maintain alternatively activated macrophages in adipose tissue by producing IL-4 and IL-13 (REF. 50). The eosinophil 
granule proteins MBP, eosinophil cationic protein (ECP) and eosinophil peroxidase (EPX) activate mast cells, resulting in 
the release of histamine. Likewise, eosinophil-derived nerve growth factor (NGF) prolongs mast celi survival 147 . 
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FIGURE 19-7 The immediate and late-phase reactions of allergy. A, Kinetics. The immediate vascular and smooth muscle reaction 
:o allergen develops within minutes after challenge (allergen exposure in a previously sensitized individuai), and the late-phase reaction develops 2 
:o 24 hours later. B, C, Morphology. The immediate reaction (B) is characterized by vasodilation, congestion, and edema, and the late-phase reaction 
(C) is characterized by an inflammatory infiltrate rich in eosinophils, neutrophils, and T cells. (Courtesy of Dr. Daniel Friend, Department of Pathology, 
Brigham and Women's Hospital, Boston, Massachusetts.) 




Figure 1. Eosinophil develop- 
ment and t raffi ck ing. Ihe dittet- 
entiation of hematopoietic stem 
cells (HSC) and then common 
myeloid progenitor cells (CMP) 
into eosinophil progenitor cells 
(CD34VIL-5Ra f ) is governed 
by the transcrtption factors 
PU1, C/EBP and GAIA under 
the influence of IL-3 t IL-5 and 
GM-CSK IL-5 and eoturin 
(CCL1 1 ) generated following al- 
lergen-induced inflammation 
within the lung signal the in 
crease in eosinophil production 
within the bone marrow. Mature 
eosinophils are specificali mo* 
bilised from the bone marrow bv 
the combined actions of IL-5 and 
eotaxin. Eosinophils are primed 
in the circulation. increasing 
their mi grato ry capacity and ad- 
hesiveness. This facilitates their 
specific integri n-mediated traf- 
ficking across the vasculature. 
after which their recruitment 
into the lung islargely depende nt 
on eotaxin. Eosinophil accumu- 
latici! within the lungcontributes 
to both AHR and airwav remod- 
elling. Ibis is perpetuated by the 
actions of Th2 cells that can 
accumulate partly due to the 
actions of eotaxin: thev then act 
to further increase the produc- 
tion of both eotaxin and IL-5 and 
thereby enhance eosinophil re- 
cruitment. 
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Figure 2, Mechanisms by which eosinophils may contribute to airway hyper-responsiveness, airway remodelling and modulation of the 
immune response, ECM, extracellular matrix; ECP, eosinophil cationic protei n; ED N, eosinophil -derived neurotoxin; EPO, eosinophil 
peroxidase; FGF, fibroblast growthfactor ; HB-EGF, heparin-bindingepidermal growth factor; 1DO, Indoleamine 23-d»oxygenase ; MBR 
major basic protein; NGF. nerve growth factor; SCF, stem celi factor; TGF-0, TGF-a, transforming growth factor; VEGF, vascular 
endothelial growth factor. 




Role of eosinophil-derived TGF-fij in lung remodeling. Eosinophils in the asthmatic lung release 
latent TGF-fi r Latent TGF-fij (latTGF-fij). TGF-fij mediates airway remodeling by inducing the 
formation of myofìbroblasts that secrete extracellular matrix proteins, and the growth factor also 
stimulates airway smooth muscle hyperplasia. 





Figure 1. The role of eosinophils in angiogenesis: possible approaches for anti-angiogenic therapy in asthma 
Eosinophils can up-regulate remodeling and angiogenesis through the release of different preformed and/or 
newly synthesized mediators. In addition to the traditional therapies to reduce angiogenesis and remodeling, 
more specific approaches are now available. This can encompass the targeting of the eosinophils, as major 
pro-angiogenic cells in asthma, and the targeting of the mediators and steps of angiogenesis such as 
VEGF, endothelial proliferation, MMPs, etc. 




Fig. 1 . Mast cells and basophils are a major 
source of several angiogenic factors that 
promote new vessel formation during al- 
lergie inflammation. MMP-9 = Matrix 
metalloproteinase-9. 
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Tabi e 2 | New therapeutic strategies for treating eosinophilia 



Mechanism 


Examples 


Phase 


Refs 


Blockade ofeosinophil recruitment 


CCR3 and CCLll inhibition 


Small-molecule CCR3 antagonists (for example, piperidine derivative LH31407) 


II 


48 




Eotaxin 1-specific antibodies (for example, bertilimumab) 


II 


50 


Adhesion molecule inhibition 


CD49D-specific antibodies (for example, natalizumab) 


NE* 


57 




Small-molecule VLA4 antagonists (for example, compound 1) 


Preclinical 


56 


CRTH2and PGD 2 inhibition 


CRTH2 antagonists (for example, OC000459) 


II 


66 


Histamine H 4 receptor inhibition 


Small-molecule histamine H 4 receptor antagonists (for example, INCB38579) 


Preclinical 


71 


IL-13 and/or IL-4 blockade 


IL-13-specific antibodies (for example, lebrikizumab) 


II 


83 




IL-4Ra antagonists (for example, AMG 317) 


II 


87 




IL-4 variants (for example, pitrakinra) 


II 


88 


Inhibition ofeosinophil survival 


IL-5 and/or IL-5Ra blockade 


IL-5-specific antibodies (for example, mepolizumab and reslizumab) 


III 


89 




IL-5Ra-specific antibodies (for example, benralizumab) 


II 


104 




Antisense oligonucleotides directed against the common (3-chain (for example, 
TPIASM8) 


II 


105 


SIGLEC-8 agonism 


SIGLEC-8-specific antibodies 


Preclinical 


113 


IgE blockade 


IgE-specific antibodies (for example, omalizumab) 


IV; marketed 


118 


Activation of inhibitory receptors 


CD300A-specific antibodies 


Preclinical 


127 


TSLP inhibition 


TSLP-specific antibodies (for example, AMG 157) 


1 




Inhibition ofeosinophil activation 


IL-33 blockade 


IL-33-specific antibodies 


Preclinical 


149 


Notch inhibition 


Notch signalling inhibitors (for example, semagacestat) 


Preclinical; NE* 


157 


Blockade ofeosinophil production 


IL-5R blockade 


IL-5Ra-specific antibodies (for example, benralizumab) 


II 


104 



CCLll, CC chemokine ligand 11; CCR3, CC chemokine receptor 3; CRTH2, chemoattractant receptor of T H 2 cells; IgE, immunoglobulin E; IL-4, interleukin-4; 
IL-4Ra, IL-4 receptor subunit a; PGD 2 , prostaglandin D 2 ; SIGLEC-8, sialic acid-binding immunoglobulin-like lectin 8; TSLP, thymic stromal lymphopoietin; VLA4. very 
late antigen 4 (integrili a4pi). *'NE' means that the drug has not been tested for efficacy in an eosinophil-associated disorder, but has been found to have an effect 
on eosinophilia in clinical trials for other disorders. 
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Figure 2 | The effects of corticosteroids on eosinophils. Corticosteroids reduce the 
number of eosinophils in the blood and tissues through mechanisms that promote 
celi death and clearance of eosinophils. Corticosteroids impair eosinophil survival 
and differentiation by inhibiting the expression of pro-eosinophil cytokines (that is, 
interleukin-5 (IL-5), IL-3 and granulocyte-macrophage colony-stimulating factor 
(GM-CSF)) by T cells and structural cells such as fibroblasts and epithelial cells. 
Corticosteroids amplify the rate of spontaneous celi death of eosinophils by having 
direct effects on pro-apoptotic signalling pathways and through the increased 
generation of cell-damaging molecules such as reactive oxygen species (ROS) by 
eosinophils. Corticosteroids also promote the clearance of apoptotic eosinophils 
from tissues by enhancing the phagocytic capacity of macrophages. BAX, 
BCL-2-associated X protein. 




FIG. 20.7. A Polymorphonuclear Basophil 
Circulating in Peripheral Blood. From Anderson s 
Atias of Hematology, Anderson, Shauna C, PhD. 
Copyright 2003, Wolters Kluwer Health/Lippincott 
Williams & Wilkins. 
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FIG. 20.8. Formalin-fixed, paraffin-embedded human prostate tissue stained 
with an anti-mast celi tryptase antibody. 




Table 1. Major features of human mast cells and basophils 



Basophils 



Mast cells 



Origin 

Site of maturation 
Lifespan 

Primary location 
Nucleus 
Lipid mediators 
Granule contents 

Differentiation and 
chemotactic factors 

Secreted cytokines and other 
growth factors 

Phenotypical markers 



GMP 

bone marrow 
days to weeks 

intravascular (<1% of WBC) 
segmented 

LTC 4) LTD 4 , LTE 4 , PAF 

histamine, chondroitin sulphate, protease 

Charcot Leyden crystals, MBP 

IL-3, IL-5, GM-CSF, CCL2, CCL5, CCL7, CCL8, 

CCL1 1, CCL13, CCL24, CCL26, leptin, Flt3-L, 

TSLP 

IL-3, IL-4, IL-5, IL-6, IL-8, IL-9, IL-13, IL-25, 
APRIL, BAFF, RA, VEGF-A/B, CCL2, CCL3 

FcsRI + , CD14", CD117 +/ ", CD123 hi , CD203c + 



GMP 
tissue 

weeks to months 

tissue 

ovoid 

LTB 4 , LTC 4 , LTD 4 , LTE^ PAF, PGD 2 
histamine, heparin and/or chondroitin 
sulphate, protease (trypsin), tryptase 
IL-3, IL-4, IL-6, IL-9, IL-33, GM-CSF, NGF, SCF, 
TSLP, CCL2, CCL5, CCL7, CCL8, CCL1 1, 
CCL13,CCL24, CCL26 

IL-3, IL-5, IL-6, IL-8, IL-9, IL-13, TGF p, TNF, 
TSLP, CCL1, CCL2, CCL3, CCL4, CCL5, CCL8, 
CCL17, CCL22 

FceRT, CD14-, CD117 + , CD203c +/ " 



GMP = Granulocyte-monocyte progenitors; WBC = white blood cells; LTC 4 = leukotriene C 4 ; PGD 2 = prostaglandin D 2 ; 
MBP = major basic protein; GM-CSF = granulocyte macrophage colony-stimulating factor; Flt3-L = Flt3 ligand; NGF = nerve growth 
factor; SCF = stem celi factor; APRIL = A proliferation-inducing ligand; RA = retinoic acid; VEGF = vasoendothelial growth factor; 
TGF-p = transforming growth factor- (3; TNF = tumour necrosis factor. 



TABLE 




Major Features of Mast Cells and 
Basophils 



Mast Cells 



Basophils 




Origin 

Lifespan 
Primary location 
Site of maturation 
Differentiation 

factors 
Histamine coment 
Size 

Nucleus 
Granules 



Peptidoglycans 

Chymase content 
Tryptase content 
Lipid mediators 



Hematopoietic 
stem cells 
Months 
Tissues 

Connective tissues 
Stem celi factor 

1 to 15 pg/cell 
7 to 20 \im 
Ovai or round 
Smaller and more 

numerous compared 

Witti basophils 
Heparin and 

chondroitin sulfates 
High 
High 

PGD 2 , LTB 4 , LTC 4 , LTD 4 , 
LTE 4 , PAF 



Hematopoietic 
stem cells 
Days 

Intravascular circulation 
Bone marrow 
lnterleukin-3 

1 to 2 pg/cell 
5 to 10 nm 
Segmented 
Larger and fewer 

compared with 

mast cells 
Predominantly 

chondroitin sulfates 
Absent 
Low 

LTC* LTD 4 , LTE 4 



Activation by 
Substance P 
Morphine 
fMLF 



Activation 
Activation 
No effect 



No effect 
No effect 
Activation 




fMLF.formyl-Met-Leu-Phe; LTB, LTC, LTD, PAF, platelet-actìvatìng factor; PGD. 



A 



TABLE 19-3 Mast Celi Subsets 




Connective Tissue Mast Cells 


Mucosal Mast Cells 


Characteristic 


Rodent 


Human 


Rodent 


Human 


Location 


Peritoneal cavity 


Skin, intestinal submucosa 


Intestinal mucosa 


Alveoli, intestinal mucosa 


T celi dependence for 
development of phenotype 
in tissues 


No 


No 


Yes 


Yes 


Granule contents 


High levels of histamine, 
heparin 


Major neutral proteases: tryptase, 
chymase, carboxypeptidase, 
cathepsin G 


Low levels of histamine; 
high levels of chondroitin 
sulfate 


Major neutral protease: 
tryptase 




Mast cells 



Trauma 




Hsps, HMGB1, 
fonmyl-peptides 

Macrophages, APCs 

\ 

Antigen 




Bacteria and their products 

" Complement 

C5a, bactena-C3bi 
Azurocidin Respiratory burst, Neutrophils 



Histamine, 
leukotrienes, 
PGD2, tryptases, 
chemokines, TNF 



t 



Interferon 
TNF, GM 



■Ti 

CSF 



Produce 

Recruit, 

adivate 




degranulation 

Activate metallo- 
proteinases, inattivate 
protease inhibitors 



TNF, chemokines 

i 

Lymphocytes 




Table 23.2. Mast Celi Activators 



Antigen 

cross-linking of antigen-specifìc IgE bound to FcsRl 

Complement Components 
C3a 
C5a 

Neuropeptides 
Substance P 

Vasoactive intestina! peptide (VIP) 
Somatostatin 

Calci tonin gene-related peptide (CGRP) 

Oxidants 
Superoxide 

Lipids 

Platelet-activating factor (PAF) 
Leukotrienes LTC 4 , LTB 4 
Prostaglandin D 2 



Cytokìnes 
IL-1 
MCP-1 
MlP-la 

Stem celi factor (SCF) 

Microbial Products 

Lipopolysaccharide (LPS) 
Bordetalla pertussis toxin 
Vibrio cholera Toxin B 
Clostridium difficile Toxin A 

Escherichia coli Firn H. hemolvsin 
Heìicobacter pylori toxin 
Listoia monocytogenes hemolvsin 

Secretagogues 

Compound 48/80 
Calcium ionophore A23187 
Morphine sulfate 

Others 
Bee venom (mellitin) 
Bradykinin 



Fig. 2. Activation pathways of basophils. 
Basophils can be activated by cytokines, 
allergens and IgE crosslinking. Activation 
via one of these pathways leads to specific 
cytokine and chemokine responses. Cyto- 
kine responses to allergens or IgE cross- 
linking can be enhanced by IL-33. Baso- 
phils also respond to complement factors 
C3a and C5a, bacterial peptide fMLP and 
IgD crosslinking. Furthermore, basophils 
can be recruited to the lymph nodes by 
CCL7 and IL-3. GM-CSF = Granulocyte- 
macrophage colony-stimulating factor; 
LN = lymph node; RA = retinoic acid; 
VEGF = vasoendothelial growth factor. 
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Figure 2 Mediators of basophil activation and effector function. Basophils can be activated by many signals including cytokines, Ag-antibody complexes, 
proteases, parasitic antigens, virai antigens, TLR agonists and complement components. On activation, basophils secrete the effector molecules histamine, 
leukotriene C4 and antimicrobial peptides. Activated basophils also secrete chemoattractants, IL-4, IL-6, IL-13, tumor necrosis factor (TNF)* and TSLP. 
Once activated, basophils are capable of interacting with adaptive immune cells through major histocompatibility complex (MHC) class I and class II molecules 
as wel I as the costimulatory molecules CD40 and CD80. 
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Figure 1. Schematic illustration of signaling cascades in basophils induced in response to IL-3, GM-CSF, TSLP, IL-18, or IL-33. IL-3 and GM- 
CSF induce cytokine secretion, activation, proliferation, and survival of basophils by JAK2-mediated phosphorylation of STAT5. TSLP can also 
activate STAT5 but probably independently of JAK2. In addition, TSLP induces genes that are involved in lipid metabolism, celi adhesion, and 
celi communication. A negative feedback loop of the JAK2-STAT5 pathway by Pim-1 and SOCS1/SOCS3/CIS proteins dampens this pathway. 
IL-3-induced release of IL-4 further requires the FcRy2-mediated activation of Syk. This pathway is negatively regulated by Hck/Lyn-mediated 
phosphorylation of the phosphatase SHIP. The receptors for IL18 and IL-33 transmit their signals via MyD88 and activation of the NFkB or 
ERK/p38/JNK pathways, which ultimately lead to degranulation and secretion of lipid mediators and cytokines. 
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TABLE 


Major Basophil and/or Mast Celi— Derived Mediators 




Class 


Mediatore 


Physio logie Effe et s 


Prpforrnpd mpdiatnrs 


Histaminp 

ino La 1 1 in io 


Vasodilation anoinnpnpsis mitnnpnpsis sunnrpssnr 

TIJuUUIlUllUllf Ul IVJIUVJbl IUOIO; IMI IU LJ Ul IUOIO, OULJLJ 1 UOOul 






T-cgII activation 




5-HT 


LGukocytG regulation, vasoconstrietion, pain 




Chvmasp 

\j 1 1 y i i i u OC 


Tìssup damanp nain annintpnsin II svnthpsis 

i ioouc u ai i iau g, yj a 1 1 1 r a i ilj i vj ig i i o ii i ii oyiiLiirjoio 




Trvntasp 


Activation of PAR inflammatinn nain tissup damanp 

no il v uuui i ui i rAii r 1 1 1 1 1 a 1 1 1 1 1 1 a li kj i i t patii, u oouu u a 1 1 iu y g, 






degradation of antigens and peptides 




Kinogenases 


Synthesis of kìnins, pain 




Nitrir nxidp svnthasp 

IMIIIIC UAIUC OyilLlluOC 


Nitrir nyirlp nrndiirtinn 

IMIIIIC UAIUC UIUUUCUUII 




Carboxypeptidase A 


Degrades enzymes 




CRH 


Inflammatinn vasndilatinn mast ppII VFRF rplpasp 

iiiiiuiiiiiiuiicii, vaouuiiauuii, iiiaoi celi vlui i cica oc 




Endothelin 


Sepsis 




Kìnins 


Inflammatinn nain v/asnriilatinn mast tpII trinnpr 

1 1 1 1 1 a 1 1 1 1 1 M LIWI 1, Ualll, VaoUU IlallUI 1, llluOL CCII lliyyCI 




Snmatnstatin 


Anti-inflammatnrv pffprts mast ppII trinnpr 

r\ \ i ii ii 1 1 ia 1 1 ii i la lui y cucir io, inaoi ocii li i y y c i 




VEGF 


Npnvaspulari7atinn vasndilatinn 

lìCuvaouuiai ita li c 1 1, va ouunauuii 




Chondroitin sulfate 


Connective tissuG component, anti-inflarniTiatory, mast 






ppII inhihitnr 

CC II II II DUI LUI 




Hpnarin 

liutai ni 


Anninnpnpsis NRF 9tahili7atinn mast ppII inhihitnr 

r\ 1 1 y i u y c 1 1 c o i o, imvji oia uni£.a liui i, iiiaoi ccii iiiiiiuilui 


1 inid mpdiatnrs 


LTB. LTC. PAF PGD. 


l puknrvtp phpmntaxis vasnpnnstriptinn nain 

i_cur\ucyic ci ici nuiaAio, vaoucui ioli icliwi i, pani, 




nlatplpt artivatinn vasndilatinn inflammatinn 

ljiqicicl a e li v a li \j i i, v a ouu i la livj i i, ii niaiiiiiiaLiwii, 






hrnnrhnrnnstrirtinn 

U 1 UIICIIUCUMoll IUUUII 


Cytokines 


TNFa, TGFp, IFNa, IFN0, IFNy, IL-la, IL-ip, IL-3, 


Inflammation, iGucocyte migration/proliferation 




IL-4, IL-5, IL-6, IL-8, IL-9, IL-10, IL-11, IL-12, 






IH3, IL-15, IL-16, IL-18, IL-25, SCF, MIF 




Chemokines 


CXCL8, CCL3, CCL2, CCL7, CCL13, CCL5, CCL1 1, 


Chemoattraction and tissue infiltration of leukocytes 




CCL19 




Growth factors 


CSF, GM-CSF, bFGF, VEGF, NGF, LIF 


Growth of various celi types 


Antimicrobic products 


Nitric oxide, superoxide, antimicrobial peptìdes 


Microbial killing 



bFGF, fibroblast growth factor; CRH; CSF, colony-stimulating factor; GM-CSF, granulocytG-macrophagG colony-stimulating factor; IFN, interferoni IU interleukin; LIF, LTB, LTC, MIF, 
NGF, PAF, platelet-activating factor; PAR, PGD, SCF; TGF, transforming growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor. 






Figure 4. Mast c eli- me di a te d pathways 
that le ad to innate and adaptive immune 
responses to pathogenic stimulants. The 
stimuli could be IgE- or IgG-directed 
antigens, complement components, TLR 
ligands, alone or in combination. The 
innate immune responses include 
inflammatory responses to histamine 
and eicosanoids and antimicrobial 
effects through release of proteases and 
anubiouc peptides from granules as well 
as recruitment of leukocytes and macro- 
phages by eicosanoids and chemokines. 
Adaptive immune responses include 
cytokine/chemokine- media ted recruit- 
ment of naive T cells and APC to regional 
lymph nodes for antigen presenta ti on or 
direct activation of T cells by TNF-a and a 
costimulatory ligand calle d OX40L. 




TABLE 3. Inflammatory diseases involving mast cells 



Disease 



Pathophysiologic effects 



Asthma 

Atopic dermatiti s 
Coronary artery disease 
Chronic prò statiti s 
Chronic rhinitis 
Fibromyalgia 
Interstitial cystitis 
Migraine 
Multiple sclerosis 

N e uro f i bro m ato s i s 
Osteoarthritis 
Rheumatoid arthritis 



Bronchonstriction, pulmonary inflammation 

Skin vasodilation, T-cell recruitment, inflammation, itching 

Coronary inflammation, myocardial ischemia 

Prostate inflammation 

Nasal inflammation 

Muscle inflammation, pain 

Bladder mucosal damage, inflammation, pain 

Meningeal vasodilation, inflammation, pain 

Increased blood-brain barri er permeability, brain inflammation, 

Demyelination 

Skin nerve growth, fibrosis 
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Figure 1. Activation of basophils during primary infection with helminths. Basophils express a variety of activating 
receptors on the celi surface, which bind ligands from helminths (direct activation) or cytokines and other factors from the 
host organism (indirect activation). Helminth-derived factors can activate Toll-like receptors (TLRs) or C-type lectin 
receptors (CLRs). Schistosome eggs contain the glycoprotein IPSE/crt, which crosslinks unspecific IgE molecules that are 
constitutively bound to Fcvar epsilonRI on the celi surface. Helminth-derived proteases can also activate basophils by a 
mechanism that has not yet been identified. Early host-derived factors include interleukin (IL)-3, IL-18, IL-33, 
anaphylatoxins and probably also proteases. Helminth-specific antibodies are produced a few days after primary infection 



and can contribute to basophil activation by crosslinking of Fc receptors. 




mMCP-8 staining (brown) 



DERMIS 



Mast celi 



Hemorrhagic 
feeding pool 

First inf estation 



Basophils 
Second infestation 




' È- 

1 00 unrf 



_ 



Second infestation 



Figure 5 



Nonredundant role of basophils in protettive immunity against ticks. (a) Basophils are recruited to the tick feeding sites in the skin 
during the second, but rarely the first, tick infestation, concomitant with the manifestation of acquired tick resistance in the second 
infestation. Tick-specific antibodies and IgFc receptors on basophils, but not on mast cells, are essential for acquired tick resistance. 
(/;) Immiinohistochernical identification of mMCP-8 + basophils that are recruited to and surround the hemorrhagic feeding pool at the 
tick feeding site during the second infestation. 




Figure 2 

The role of basophils in initiating Th2 celi differentiation in lymph nodes. (a) Basophils as IL-4 providers. In the draining lymph nodes 
of mice immunized with Th2-inducing antigens, basophils are transiently recruited via blood vessels to the T celi zone and provide 
IL-4 to naive CD4" 1 " T cells, while dendritic cells (DCs) are recruited via lymphatic vessels to the T celi zone and function as APCs. 
Thus, basophils and DCs cooperatively promote differentiation of naive CD4 + T cells imo Th2 cells. (b) Basophils as APCs specialized 
for Th2 differentiation. Recruited basophils express MHC class II and costimulatory molecules and function as APCs, in addition to 
IL-4 providers, promoting differentiation of naive CD4+ T cells imo Th2 cells. DCs are dispensable in this process. 




Figure 3 Basophils regulate Th2 celi differentiation. There are several potential pathways through which basophils may interact with T cells to augment Th2 
celi differentiation. First, basophils may act as accessory cells that provide an innate source of IL-4 that acts on T cells that were previously actiuated by DC- 
mediated antigen presentation (a). Second basophils may act independently of DCs and activate T cells by directly presenting antigen while simultaneo usi y 
providing an innate source of IL-4 (b). The third possibility is that basophils and DCs act cooperatively to present antigen either in series (c), or in parallel 
(d). In the context of model (d) basophils would augment DC-mediated antigen presentation and provide the innate IL-4 needed forTh2 celi differentiation. 
In addition, basophils can produce TSLP that iscapable of inhibiting IL- 12 production by DCs, thereby f urther promotingTh2 celi differentiation. 
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Figure 1. Basophils directly influence both T celi differentiation and antibody production by B cells. On the right, a 
basophil is depicted taking up antigen either via IgE mediated antigen uptake or by the endocytosis of soluble antigen 
(hexagon). After activation stimulus, either activation by a protease allergen or IgE crosslinking, antigen is processed and 
presented on MHC Class II. Basophils also upregulated costimulatory molecules such as CD40 and secrete cytokines 
such as IL-4 and TSLP that together activate ThO cells and induce skewing to the Th2 phenotype. On the left, IgD 
crosslinking leads to basophil activation, exhibited by the upregulation of CD40L and production of IL-4 and BAFF. 
This results in T independent IgE production from B cells. 
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FIGURE 16-1 



The four types of hypersensitive responses. 
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Common allergens associateci 
with type I hypersensitivity 



Proteins 
Foreign serum 
Vaccines 

Plant pollens 
Rye grass 
Ragweed 
Timothy grass 
Birch trees 

Drugs 
Penicillin 
Sulfonamides 
Locai anesthetics 
Salicylates 



Foods 
Nuts 
Seafood 

Eggs 

Peas, beans 
Milk 

Insect products 
Bee venom 
Wasp venom 
Ant venom 
Cockroach calyx 
Dust mites 



Mold spores 

Animai hairand dander 



Table 1 Examples of biological activities of aeroallergens 



Source of allergens Identified biological activities 



Grass pollen 


Pectate lyase, RNase, polygalactouronase, lipid transfer 




protein, prof ilin, expansin 


Tree pollen 


Prof ilin, isoflavone reductase, pathogenesis-related 




protein, pectin methylesterase, peptidyl-prolyl isomerase, 




l,3-(i-glucanase, calcium-binding protein, pectate lyase, 




superoxide dismutase 


Fungi 


Protein disulfide isomerase, aldehyde dehydrogenase, 




RNase, vacuolar serine protease, alkaline serine protease, 




enolase, aspartate protease, dipeptidyl peptidase, 




subtilisin-like protease 


Pet dander 


Uteroglobin-like protein, cystatin, lipocalin, albumin 


Mites 


Cysteine protease, p-glucan moiety, trypsin, 




amylase, chymotrypsin, chitinase, collagenase, 




glutathione transferase 
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TABLE 19-4 Examples of Genes Associated with Atopy and Asthma 


Candidate Genes or Encoded 
Protei n 


Chromosomal 
Location 


Disease 
Asso ciati on 


Putative Role of Gene Products in Disease 


Cytokine gene cluster 
(IL-4, IL-5, IL-13),CD14, 
P2-aarenergic recepior 


5q 


Asthma 


IL-4 and IL-13 promote IgE switching, IL-5 promotes eosinophil growth and 
activation; CD14 is a component of the LPS receptor that r through interaction 
wixn i Ln4 f may innuence ine Daiance Deiween i h i ano i hZ responses io 
antigens; [Vadrenergic receptor regulates bronchial smooth muscle 
contraction 


Class II MHC 


6p 


Asthma 


Some alleles may regulate T celi responses to allergens 


FceRI [ì chain 


11q 


Asthma 


Mediates mast celi activation 


Sterri celi factor, interferon-y, 
STAT6 


I2q 


Asthma 


Stem celi factor regulates mast celi growth and differentiation; interferon-y 
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Asthma 


Peptidase that may regulate chemokine and cytokine activity 


PHF11 


13q 


Asthma 


Transcriptional regulator involved in B celi clonai expansion and Ig expression 


0RMDL3 


17q 


Asthma 


Unknown 


IL-1 receptor-like 1 


2q 


Asthma 


Membrane receptor that mediates effeets of IL-1 on T cells 


Phosphodiesterase 4D 


5q 


Asthma 


Degrades cAMPand regulates airway smooth muscle contractility 


Filaggrin 




Atopic dermatitis 


Component of terminally differentiated keratinocytes 
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Activation of Th2 cells 
and stimulation of 
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in B cells 
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FIGURE 19-1 Sequence of events in immediate hyper- 
sensitivity reactions. Immediate hypersensitivity diseases are initi- 
ated by the introduction of an allergen, which stimulates T H 2 reactions 
and IgE production. IgE sensitizes mast cells by binding to FceRI, and 
subsequent exposure to the allergen activates the mast cells to secrete 
the mediators that are responsible for the pathologic reactions of imme- 
diate hypersensitivity. 
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FIGURE 19-4 Mast celi activation. Antigen bindingto IgE cross- 
links FceRI molecules on mast cells, which induces the release of media- 
tors that cause the hypersensitivity reaction (A, B). Other stimuli, 
including the complement fragment C5a, can also activate mast cells. A 
light photomicrograph of a resting mast celi with abundant purple- 
staining cytoplasmic granules is shown in C. These granules are also 
seen in the electron micrograph of a resting mast celi shown in E. In 
contrast, the depleted granules of an activated mast celi are shown in 
the light photomicrograph (D) and electron micrograph (F). (Courtesy of 
Dr. Daniel Friend, Department of Pathology, Brigham and Women s Hospital 
and Harvard Medicai School Boston, Massachusetts.) 




FIGURE 19-3 Polypeptide chain structure of the high- 
affinity IgE Fc receptor (FceRI). IgE binds to the Ig-like domains 
of the a chain. The p chain and the y chains mediate signal transduction. 
The boxes in the cytoplasmic region of the p and y chains are ITAMs, 
similar to those found in the T celi receptor cornplex (see Fig. 7-5). Lyn 
and Syk are tyrosine kinases that bind to the p and y chains, and partici- 
pate in signaling events. A model structure of FceRI is shown in Chapter 
12. 
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Table 1 Expression and major functions of IgE-binding receptors or molecules 



Receptors or molecules Celi types a Major functions 

FceRI (apyyorayy) Mast cells 38 , basophils 38 , Langerhans apyy: immediate 

cells 38 , dendritic cells 38,41 , monocytes 38 , hypersensitivity 2 , parasite 

eosinophils 38,40 , neutrophils 39,40 , immunity 2 , enhanced cytokine 

platelets 138,139 , bronchial epithelial cells production and survival in mast 

of asthmatics 45 and airway smooth-muscle cells 59 and MCp recruitment in 

cells 44,140 . In mice: dendritic cells after the airway 142 . 





Sendai virus infection 41 , neutrophils and 
eosinophils during Plasmodium infection 40 
and superior cervical ganglion and myenteric 
plexus neurons 43 ; in rats: pinealocytes 141 . 


ayy: antigen presentation 1,38 . 


FceRII (CD23) 


B cells 143 , T cells, NK cells, monocytes, 
macrophages, follicular dendritic cells 143 , 
Langerhans cells, bone marrow stromal 
cells, neutrophils, eosinophils, 
platelets 1,3,17 and airway 20 and 
intestinal 144,145 epithelial cells. 


Regulation of IgE production 1 , 
killing of intracel lular pathogens 
(Leishmania major 1 * 6 and 
Toxoplasma gondii 26 ) or tumor 
cells 28 , facilitated antigen 
presentation 1 and transport of 
IgE and antigens across the 
epithelium 19 ' 144 . 


FcyRII and Fcylll (in mice b ) Mast cells 147 and macrophages 147 . 


Celi activation 147 . 


FcyRIV (only in mice) 


Monocytes, neutrophils and 
macrophages 148,149 . 


Phagocytosis, cytokine production 
and antigen presentation in 
macrophages 148,149 . 


Gelactin-3 


Mast cells 150,151 , basophils 150 , 
neutrophils 152 , monocytes and 
macrophages 153-156 , eosinophils 157 , 
Langerhans cells 158,159 , T cells 160 , 
B cells 161 and dendritic cells 162 . 


Potentiate FceRI activation 151 . 



a The celi types listed in bold express that receptor in both humans and mice. b Human FcyRIII has no affinity for IgE. However, 
human mast cells and basophils express the immunoreceptor tyrosine-based inhibitory motif-containing receptor, FcyRII B, 
which can reduce activation of these effector cells through the FceRI when it is co-ligated with the FceRI 127 . 
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Figure 1 Allergen sensitization and IgE production. Initial allergen sensitization results in antigen-specific IgE production (left). In individuals not yet exposed 
to a new environmental allergen (designated here as an antigen (Ag)), the only IgE present (blue) does not have specificity for the new antigen(s). Such IgE can 
be bound to the afìyy form of FceRI on mast cells or to the ayy form of FceRI on the surface of macrophages, monocytes or dendritic cells or to CD23 on airway 
epithelial cells or other cells (not shown here). The new antigens (orange circles) are captured by dendritic cells or macrophages in the airway lumen or in the 
epithelium of the airway mucosa or gain access to submucosal dendritic cells through disrupted epithelium or, for some antigens with intrinsic protease activity, 
by disrupting epithelial celi tight junctions. Antigen-activated dendritic cells mature and migrate to regional lymph nodes orto sites in the locai mucosa, where 
they present processed antigen epitopes to cognate T cells; in the presence of IL-4 or IL-13, which may be derived from a variety of potential cellular sources, 
this induces such T cells to become differentiated and activated T H 2 cells. IL-4 and IL-13, which may be derived from T H 2 cells (shown here), basophils, mast 
cells and/or other sources, also activate immunoglobulin heavy chain gene CSR for antigen-specific IgE production, designated here antigen-specific IgE (epitope 
A), in B cells. The antigen-specific IgE response is amplified by FAP and other mechanisms (right). Antigen-specific IgE can bind to multiple celi types through 
various IgE receptors. Antigen-induced aggregation of IgE bound to FceRI stimulates mast celi degranulation and the release of mediators such as histamine, 
PGD 2 and TNF, which promote recruitment of T H 2 cells, the migration, maturation and activation dendritic cells and antigen presentation. IgE and antigen-lgE 
complexes can cross the epithelium by transcytosis mediated by CD23 on airway epithelial cells (1), allowing them to bind to and activate FceRI on mast cells 
and dendritic cells. This process contributes to the perpetuation of allergie inflammation and, potentially, through promotion of IL-4 and/or IL-13 secretion by 
mast cells (2) and effeets of activated mast cells on dendritic cells (3), to additional locai IgE CSR and IgE production in B cells, either to additional epitopes 
of the originai antigen (shown here) or to new antigens bound by dendritic cells (square blue symbols). Antigen presentation mediated by binding of antigen-lgE 
complexes to CD23 on B cells, followed by antigen presentation by these B cells to cognate T cells (not shown here), is called FAP (4), a process that can result 
in epitope spreading, with production of IgE recognizing new epitopes of the originai antigen (for example, epitope B, shown here) or to epitopes of new antigens, 
if some IgE antibodies to that antigen already exist (not shown), and the subsequent exacerbation of allergie disorders. FceRI ayy trimers on other antigen- 
presenting cells (for example, dendritic cells, monocytes and macrophages) permit these cells to bind and internalize IgE that is bound to complex antigens; 
epitopes derived from such antigens, including those comprising epitopes for which there is not yet a specific IgE response, are then presented to cognate T cells, 
which, in the presence of IL-4 and/or IL-13, can become T H 2 cells that in turn promote the production of IgE against these new epitopes by B cells (5). ICOS, 
inducible T celi co-stimulator; ICOSL, ICOS ligand; BCR, B celi receptor. 
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Figure 2 The early, immediate hypersensitivity, phase of antigen-induced airway inflammation. The individuai IgE molecules that are bound to FceRI 
molecules on a single mast celi can be specific for different antigens (red and blue IgE symbols). Binding of IgE to FceRI apyyon mast cells, which are 
normally located in airway tissues, and basophils, if they have been recruited from the blood to airway tissues, upregulates FceRI surface expression and 
sensitizes these cells to respond when later exposed to specific antigens, and, in mast cells, some IgE molecules can enhance cytokine production and 
survival. The recognition of a particular bivalent or multivalent antigen by at least two IgE molecules bound to adjacent FceRI molecules induces FceRI 
aggregation, activating mast cells (and basophils, if they are present in airway tissues) to initiate an immediate hypersensitivity response by secreting 
preformed mediators and lipid mediators within minutes of antigen exposure. These mast cells also upregulate the production of many cytokines, 
chemokines and growth factors. Within minutes of exposure, the rapidly secreted mediators lead to bronchoconstriction, vasodilation, increased 
vascular permeability and increased mucus production. Mast celi mediators produced rapidly after antigen challenge can also promote dendritic celi 
migration, maturation and function and can contribute to the transition to the late phase reaction by promoting an influx of circulating leukocytes, 
both by upregulating adhesion molecules on vascular endothelial cells (for example, through TNF) and by secreting chemotactic mediators (such as 
LTB 4 and PGD 2 ) and chemokines (such as IL-8 and CC-chemokine ligand 2 (CCL2)). These recruited leukocytes can induce further inflammation and 
bronchoconstriction duringthe late phase reaction. PAF, platelet activating factor; IFN-yR, IFN-y receptor; VEGFA, vascular endothelial growth factor A. 
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Figure 1 Primary sensitization of the airways 
in the induction of allergic-type asthma. 
Perturbation of the epithelium with infection 
and pollutants provides the initial danger signal 
and activates innate signaling receptors, leading 
to chemokine secretion from airway epithelial 
cells and trafficking of immature DCs to the 
mucosal epithelium. DCs respond to danger 
signals via PRRs, resulting in their maturation 
to competent antigen-presenting myeloid-type 
DCs. Once activated, mature DCs process 
allergens detected through processes extended 
into the airways, or by capturing allergens that 
have breached the epithelium. The allergen- 
loaded DCs then migrate to locai lymph nodes 
where they interact with naive T cells via TCR, 
MHC class II and co-stimulatory molecules 
to drive differentiation of T cells. Additional 
epithelial-derived cytokines and chemokines 
such as IL-33, IL-25, CCL17 and CCL22 
influence DC activation and T H 2 maturation and 
migration into the mucosa. 
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TABLE 16-4 



Drug 



Mechanism of action of some drugs 
used to treat type I hypersensitivity 



Action 



Antihistamines 



Block Hi and H 2 receptors on target 
cells 



Cromolyn sodium Blocks Ca^ + influx into mast cells 



Theophylline 



Prolongs high cAMP levels in mast cells 
by inhibiting phosphodiesterase, which 
cleaves cAMP to 5'-AMP* 



Epinephrine 
(adrenali n) 



Stimulates cAMP production by bindìng 
to p-adrenergic receptors on mast cells* 



Cortisone 



Reduces hi sta mi ne levels by block ing 
conversion of histidine to histamine 
and stimulates mast-cell production 
ofcAMP* 



Although cAMP rises transiently dui ing mast-cell activation, degranulation is 
prevented if cAMP levels remai n high. 



